Over the past decade, much progress has been made in understanding Viburnum phylogeny Donoghue, 2004 , 2005 ; Donoghue, 2011 , 2012 ). The number of sampled species has increased from 40 to 90, representing all major lineages within the clade. Additionally, sampling has increased from four to 10 gene regions, thus providing better phylogenetic resolution and confidence. These advances have enabled recent studies of leaf form, anatomy, physiology, and phenology in relation to climate and biome shifts ( Schmerler et al., 2012 ; Chatelet et al., 2013 ; Edwards et al., 2014 ) , defenses against herbivory ( Desurmont et al., 2011 ; Weber et al., 2012 ) , fruit and seed characters ( Jacobs et al., 2008 ) , and biogeography in relation to diversifi cation ( Winkworth and Donoghue, 2005 ; Donoghue, 2007 , 2009 ). While our phylogenetic studies have consistently and strongly supported relationships at midlevels within the phylogeny-corresponding to previously recognized sections and subsections-it has proven diffi cult to resolve deeper relationships with confi dence, as well as very recent divergences within groups of closely related species.
• Premise of the study: Despite recent progress, signifi cant uncertainties remain concerning relationships among early-branching lineages within Viburnum (Adoxaceae), prohibiting a new classifi cation and hindering studies of character evolution and the increasing use of Viburnum in addressing a wide range of ecological and evolutionary questions. We hoped to resolve these issues by sequencing whole plastid genomes for representative species and combining these with molecular data previously obtained from an expanded taxon sample.
• Methods: We performed paired-end Illumina sequencing of plastid genomes of 22 Viburnum species and combined these data with a 10-gene data set to infer phylogenetic relationships for 113 species. We used the results to devise a comprehensive phylogenetic classifi cation and to analyze the evolution of eight morphological characters that vary among early-branching lineages.
• Key results: With greatly increased levels of confi dence in most of the early branches, we propose a phylogenetic classifi cation of Viburnum , providing formal phylogenetic defi nitions for 30 clades, including 13 with names recognized under the International Code of Nomenclature for Algae, Fungi, and Plants, eight with previously proposed informal names, and nine newly proposed names for major branches. Our parsimony reconstructions of bud structure, leaf margins, infl orescence form, rumi Winkworth and Donoghue, 2005 ) , using Sambucus canadensis L. and S. racemosa L. as the outgroup. Clement and Donoghue (2011) recovered support for this position of V. clemensiae with seven additional chloroplast gene regions. Phylogenetic analyses using ITS or the nuclear granule bound starch synthase gene (GBSSI) have not confi dently placed V. clemensiae , but have not confl icted with the placement of V. clemensiae supported by chloroplast data Donoghue, 2007 , 2009 ) . As the present study represents a signifi cant increase in both taxon and gene sampling, we further explored the rooting using three species of Sambucus : S. canadensis , S. peruviana Kunth, and S. racemosa . Focusing on the nine previously studied chloroplast regions, we found increased support for the placement of V. clemensiae as sister to all other Viburnum species (99% bootstrap support from ML analysis conducted in RAxML [ Stamatakis, 2014 ] with 500 bootstrap replicates). Although we attempted to obtain a whole plastid genome sequence from S. canadensis , we encountered suffi cient diffi culties in assembly and alignment that we have not included additional plastid markers for outgroups. This issue will be explored in greater depth when we succeed in assembling whole plastid genomes from a number of outgroup species and obtain additional nuclear data beyond the ITS sequences included here. As in prior studies, our expanded ITS analyses (113 Viburnum species plus several Sambucus species) fail to confi dently resolve the position of the root of Viburnum . For the time being, based on the strong support provided by the nine plastid genes, we have rooted our Viburnum trees along the branch leading to V. clemensiae .
Character evolution -We selected eight discrete morphological and anatomical characters for study in a phylogenetic framework. Each of these has appeared to mark major clades deep within the tree. Four have traditionally been used to identify major groups and appear among the primary couplets of dichotomous keys to Viburnum (e.g., Kern, 1951 ; Hara, 1983 ; Yang and Malecot, 2011 ) : (1) bud morphology-naked or with bud scales; (2) leaf marginsentire or variously toothed; (3) infl orescence architecture-umbel-like or panicle-like; (4) ruminate endosperm-absent or present. Four other, less obvious, characters have been discovered in more recent surveys to mark major clades: (1) extrafl oral nectaries-absent, marginal, laminar, or petiolar ( Weber et al., 2012 ) ; (2) glandular trichomes-elongate, capitate, or peltate (present study); (3) palisade anatomy-one layer of H-shaped cells (H-1), two layers of H-shaped cells (H-2), one layer of I-shaped cells (I-1), or two layers of I-shaped cells (I-2) ; and (4) pollen exine muri-smooth or scabrate ( Donoghue, 1985 ) . We excluded from consideration a number of conspicuous characters on the grounds that they vary too much within major clades and species complexes (e.g., evergreen vs. deciduous leaves), are consistent but present in just a few species (e.g., trilobed leaves), or are highly scattered in occurrence (e.g., pit domatia). Other traits have been (e.g., endocarp shape [ Jacobs et al., 2008 ] ) or are being analyzed in detailed elsewhere (e.g., corolla form, fruit color).
The eight characters under consideration, which are described in greater detail in the Results and Discussion, were scored for the 22 species included in the plastid genome study, but accounting (using polymorphic coding where necessary) for known variation present across the major clades that these species represent. For this purpose, we referred to prior literature ( Kern, 1951 ; Hara, 1983 ; Donoghue, 1985 ; Jacobs et al., 2008 ; Yang and Malecot, 2011 ; Weber et al., 2012 ; Chatelet et al., 2013 ) and relied on our own extensive fi eld, laboratory, and herbarium observations. Pollen grains and leaf segments were prepared for scanning electron microscopy (SEM) by taking material directly from herbarium specimens, mounting them on a carbon tab stub, and sputter coating them with platinum for 45 s at 40 mA. SEM images were taken using a Phillips XL-30 environmental scanning electron microscope (ESEM) in the Yale Department of Geology & Geophysics. All of the SEM images were minimally edited in Adobe Photoshop CS5.1 (Adobe, San Jose, California, USA) by applying "auto-levels". In the case of the whole pollen grain, the background was removed by using the magnetic lasso (width: 10 px, contrast: 10%, frequency: 57) to select the edge of the pollen grain and using the paint bucket to blacken the image outside of the selected area. Field images of leaves illustrating extrafl oral nectaries were manipulated by blackening the background to black using the paintbrush feature in Adobe Photoshop CS5.1.
Parsimony and maximum likelihood ancestral state reconstructions were performed in the program Mesquite v 2.75 ( Maddison and Maddison, 2011 ) using the combined coding and noncoding plastid genome phylogeny. ML reconstructions were calculated under a Markov k -state 1-parameter model (Mk1) that assumes all transitions among discrete character states are equal ( Lewis, 2001 ; Maddison and Maddison, 2011 ) . ML reconstructions were carried out using the molecular branch lengths and also with all branch lengths set to 1, and the orientation of the reference sequence was set to "circular", and the expected percentage identity between the reference genome and input data was set to "medium", or about 85% identical. The resulting contigs were concatenated and uploaded to the program Dogma ( Wyman et al., 2004 ) for inspection and to extract coding and noncoding regions that had been successfully assembled. Gene regions were aligned individually with the program Muscle ( Edgar, 2004 ) and manually inspected for alignment errors. Coding regions were translated to check the position of any gaps in the alignment.
Phylogenetic analyses using plastid genome data -All plastid coding regions assembled and aligned were concatenated and analyzed in a single data set as were the plastid noncoding regions. The program jModelTest v 2.1.4 ( Guindon and Gascuel, 2003 ; Darriba et al., 2012 ) was used to determine the best fi tting model of sequence evolution for the plastid coding and noncoding data sets as evaluated by the Akaike information criterion (AIC; Akaike, 1974 ) . Phylogenetic analyses were conducted in both a maximum likelihood (ML) and Bayesian framework. ML analyses were performed with the program Garli v 2.0 ( Zwickl, 2006 ) using the recommended settings. Each analysis was repeated fi ve times to ensure that likelihood scores were similar among runs. Additionally, ML bootstrap analyses with 500 replicates were performed on each data set. Bayesian analyses were conducted using MrBayes v 3.2.1 ( Huelsenbeck and Ronquist, 2001 ; Ronquist et al., 2012 ) . Each analysis was run for 30 million generations with six chains sampling the posterior every 1000 generations. Convergence of the analysis and burn-in (no less than 10%) were determined visually by inspecting plots of all parameters in the program Tracer v 1.5 ( Rambaut and Drummond, 2009 ). The burn-in was removed prior to summarizing model parameters and sampling trees from the posterior distribution.
The plastid coding and noncoding data were concatenated and analyzed under two partitioning schemes. First, the data were analyzed under a single model. Second, we used a 2-partition scheme separating coding and noncoding gene regions. Each partition was assigned its own model and parameters were estimated for each partition separately. The ML and Bayesian analyses were conducted as described above except we increased the generations to 40 million. Additionally, in the 2-partitioned Bayesian analysis, all parameters were unlinked.
Phylogenetic analysis of combined data -We assembled a data set for 113 species by combining 10-gene data sets generated previously by Clement and Donoghue (2011) and Chatelet et al. (2013) . Since the present analysis represented a new combination of taxa, we fi rst conducted ML and Bayesian phylogenetic analyses as described above. Bayesian analyses were run with six chains for 25 million generations. The same partitioning scheme as Clement and Donoghue (2011) was implemented for both ML and Bayesian analyses and included a partition of plastid coding regions ( matK , ndhF , and rbcL ), a partition of plastid noncoding regions trnK , , and a partition for the internal transcribed spacer region (ITS). Confl icts between the ITS and plastid phylogenies have been detected in the Pseudotinus and Lentago clades Donoghue, 2004 , 2005 ; Clement and Donoghue, 2011 ) . However, these confl icts do not appear to affect our ability to infer relationships among the major clades. The plastid genome data were then combined with the 113-taxon, 10-gene data set. As all 22 species with sequenced whole plastid genomes were also included in our 10-gene data set, the data generated from the plastid genomes were concatenated with the corresponding taxa in the 113-taxon, 10-gene data set. Gene regions in common (namely matK , ndhF , rbcL , trn K, and trnS-trnG ) were removed from the plastid genomic data prior to analysis to avoid duplication. The ML and Bayesian analyses were conducted as previously described except with four chains and 40 million generations. Also, three different partitioning schemes were implemented. First, we used a 5-partition analysis following the 3-partition scheme of Clement and Donoghue (2011) with two additional partitions, one for plastid genome coding data and another for plastid genome noncoding regions generated for the 22 species whose plastid genomes we sequenced. Second, a 3-partition analysis was conducted with one partition for all plastid coding regions (from both Sanger and plastid genome sequencing), a second for all plastid noncoding regions (from both Sanger and plastid genome sequencing), and a third for ITS. The third partitioning scheme was a 2-partition analysis with one partition including all plastid data and the second partition including ITS.
Rooting -Recent publications on Viburnum phylogeny Donoghue, 2011 , 2012 ) have used V. clemensiae to root the tree. Support for the position of V. clemensiae as sister to all other Viburnum species was fi rst scheme identifi ed a tree with the best likelihood score for both ML and Bayesian analyses (ML: −lnL = 135 511.9665 for 5-partition, −lnL = 135 484.8781 for 3-partition, and −lnL = 133 107.5295 for 2-partition; Bayes: 5-partition, analysis did not converge, −lnL = 134 583.13 for 3-partition, and −lnL = 133 403.74 for 2-partition). There were no signifi cant differences between the topologies that resulted from the 2-and 3-partition analyses. All data sets and published trees from this study are available in TreeBASE (S15758) and Dryad (doi:10.5061/dryad.hh12b).
Phylogenetic implications from plastid phylogeny -The tree in Fig. 1 is labeled with the names of clades that are currently in use and for continuity with past studies these names will be used to orient the discussion of our phylogenetic results. Later in the paper, following our proposal of a new classifi cation system, we will switch to the use of the new names to illustrate how these aid the discussion of character evolution. As noted already, the Viburnum tree is rooted along the long V. clemensiae branch based on previous analyses ( Winkworth and Donoghue, 2005 ; Donoghue, 2007 , 2009 ) and on our expanded studies using Sambucus as an outgroup. As discussed later, this fi rst deep split within Viburnum is consistent with the many morphological differences between V. clemensiae and all of the other species.
Relationships remain poorly resolved at the base of the main Viburnum clade (excluding V. clemensiae ) and are best represented by a basal trichotomy that includes the Valvatotinus clade, the Pseudotinus clade, and a clade containing all remaining Viburnum ( Fig. 2 ) . This uncertainty is largely due to the unstable position of the Pseudotinus clade (represented by V. lantanoides Miq.). In some analyses, it appears as sister to the Valvatotinus clade, as shown in Figs. 1 and 2 ; in other analyses (e.g., Donoghue, 2004 , 2005 ) , it is sister to the clade with all remaining Viburnum ( Fig. 2 ) One important difference between this result and that of Clement and Donoghue (2011) concerns the placement of V. amplifi catum . Whereas this species was placed previously as sister to the Solenotinus clade (consistent with the original interpretation based on endocarp shape of Kern [1951] ), in the present analysis it is placed with confi dence even deeper in the tree, as sister to a larger clade including both Lutescentia and Solenotinus . Within Solenotinus , we note confi rmation of the placement by Chatelet et al. (2013) of the Himalayan V. grandifl orum as sister to the remainder of the clade.
considering all alternative scorings of polymorphic terminal taxa. A more complete statistical analysis, to be conducted in the context of a nearly completely sampled and dated phylogeny, awaits the completion of a comprehensive morphological matrix for Viburnum .
RESULTS AND DISCUSSION
Plastid genomes and phylogenetic analysis -Information concerning the raw Illumina sequence data collected (e.g., number of reads, reads used in assembly) is available in Appendix S1 (see Supplemental Data with online version of this article). Coverage of Viburnum plastids ranged from 21 × to 3903 × . We recovered 73 coding regions (52 758 bp) and 51 noncoding regions (16 819 bp). Although we recovered fewer gene regions than are actually present in the chloroplast genome, we limited our analysis to those gene regions we could reliably assemble and align. Our reference-based assemblies showed greater coverage across regions of the plastid that correspond to coding genes as compared with intergenic spacer regions. To this end, we have a much more complete sample of coding as compared with noncoding regions of the plastid, thus explaining why we did not recover some gene regions we have used in prior phylogenetic studies of Viburnum (including trnH-psbA , rpl32-trnL , petB-petD , and trnC-ycf6 ). The matrix of gene regions sampled from the plastid sequencing was nearly complete, with a few exceptions-V. dentatum and V. tinus were missing from trnL UAGccsA , and V. vernicosum was missing from ndhA , ndhE , ndhG , ndhH , ndhI , psaC , and rps15 . A list of gene regions and GenBank accession numbers is provided in Appendix 1, and complete data matrices are available in the TreeBASE database ( http:// purl.org/phylo/treebase/phylows/study/TB2:S15758 ) and the Dryad Digital Repository (doi:10.5061/dryad.hh12b).
A TVM+I+G model of sequence evolution was selected for the coding regions combined and for the noncoding regions combined. Both data sets generally supported the same relationships, and we found no instances of well-supported confl icts between the trees inferred from the coding and noncoding regions (Appendices S2, S3, see online Supplemental Data). Overall, the phylogeny based on the noncoding data were less well resolved and exhibited lower clade support values as compared to the coding data.
Given the lack of confl ict between the two data sets, we concatenated the data and analyzed a combined data set that included 124 gene regions and 69 577 bp. A 2-partition scheme (one partition for coding data and a second for noncoding data) resulted in higher likelihood scores for both ML (2-partition: −lnL = 117 274.4894; 1-partition: -lnL = 117 624.473) and Bayesian analyses (2-partition: −lnL = 119 110.64; 1-partition: −lnL = 119 458.33). The Bayesian majority rule consensus tree for the entire 22-species plastid data set is shown in Fig. 1 . This tree is consistent with, but greatly increases confi dence over prior phylogenetic analyses of Viburnum Donoghue, 2011 , 2012 ; Chatelet et al., 2013 ) .
Phylogenetic analysis of the 113-species data set derived by combining the 10-gene data sets of Clement and Donoghue (2011) and Chatelet et al. (2013) produced a tree that was congruent with previously published phylogenies (online Appendix S4; see Appendix 2 for full list of gene regions and GenBank accession numbers). Concatenation of all of the data-our new plastid data for 22 species plus the data for 113 species-resulted in a data set with 129 gene regions and 71 935 bp. This data set yielded the tree shown in Fig. 2 . We found that a 2-partition Phylogenetic implications from the combined data setFocusing only on confi dently resolved relationships among the major clades, the tree in Fig. 2 is entirely consistent with the 22-species plastid tree. When the tree is rooted along the V. clemensiae branch, the same three major clades ( Valvatotinus , Pseudotinus , and a clade with all remaining Viburnum ) are evident at the base of the main Viburnum clade. Because the placement of the Pseudotinus clade remains uncertain (compare to Fig. 1 ), these relationships are best represented by an unresolved trichotomy. We note that we also recovered the confl icts previously reported among species within Pseudotinus, namely that some plastid gene regions support the sister relationship between V. furcatum and V. nervosum Clement and Donoghue, 2011 ) , while nuclear data and other plastid gene regions support the sister relationship of V. furcatum and V. lantanoides to the exclusion of V. nervosum Donoghue, 2004 , 2005 ) . This confl ict could potentially refl ect homoploid hybrid speciation within this group ( Winkworth and Donoghue, 2005 ) .
Within Valvatotinus , Lentago continues to form a wellsupported clade, within which there is a deep split between V. nudum L. plus V. cassinoides L. and the remainder of the species. Support for relationships among species of Lentago decreased in the combined analysis as compared with the analysis of the 10 genes (Appendix S4). This could refl ect confl ict between Within what Winkworth and Donoghue (2005) referred to as the Imbricotinus clade, there is now better support for the placement of the Tinus clade as sister to the rest of the species. The position of the Opulus clade is less certain compared with previous analyses Donoghue, 2011 , 2012 ) . As shown in Fig. 1 , it may be sister to a clade containing the New World Porphyrodontotinus clade plus the unnamed, almost entirely Old World clade (with the exception of V. acerifolium L.) containing the Sambucina , Coriacea , Succodontotinus , and Lobata clades. However, there is little support for this position, and Opulus could be sister to the Old World clade or to Porphyrodontotinus (see Fig. 1 ).
Within Porphyrodontotinus , our results confi rm the close relationship between V. dentatum L. of eastern North America and the Latin American radiation represented here by V. triphyllum Benth. Within the Old World clade, the tropical Sambucina and Coriacea clades are successively related to the large, mainly temperate eastern Asian Succodontotinus clade plus the small circum-northern hemisphere Lobata group, represented here by the North American V. acerifolium .
In summary, all relationships within our 22-species plastid tree are confi dently resolved with the exception of the positions of V. lantanoides of the Pseudotinus clade and V. opulus L. of the Opulus clade. In these two cases, only a few alternative placements remain viable. Winkworth and Donoghue (2005) and Donoghue (2011 , 2012 ) are shown in gray. Posterior probabilities (pp) greater than or equal to 0.95 and maximum likelihood (ML) bootstrap values greater than 60% are indicated above or below the branches (pp/ML). Names referring to internal nodes on the phylogeny have been identifi ed with a gray dot.
Within the remaining largely Old World clade, the Sambucina clade is sister to the rest, although ML clade support for Sambucina decreases in our combined analysis while posterior probabilities remain high (Appendix S4). Within Sambucina , we note that V. beccarii Gamble of mainland Malaysia, which was placed by Kern (1951) into subsection Coriacea , is instead strongly united with V. hispidulum J. Kern and V. vernicosum Gibbs from Borneo.
A clade containing Succodontotinus , Lobata , and Coriacea is supported by posterior probabilities in the 10-gene and combined analyses ( Fig. 2 ; Appendix S4), although the ML bootstrap values decrease from 84% in the combined data analysis to 70% in the 10-gene analysis ( Fig. 2 ; Appendix S4). It is noteworthy that the three species ( V. acerifolium , V. orientale Pall., and V. kansuense Batalin) assigned previously to Lobata , based on their trilobed leaves, do not form a clade in Fig. 2 (or in Appendix S4). However, based on current evidence, it is still possible that these are united as there is no clade support that precludes the formation of a clade containing these three species. The position of the Chinese V. kansuense is especially labile, while the North American V. acerifolium appears to be related to the morphologically similar V. orientale from the Caucasus region of Georgia. Relationships within the large eastern Asian Succodontotinus clade remain especially poorly resolved, and it is now clear that progress in sorting out these relationships will require a different approach.
Phylogenetic classifi cation -Based on the strongly supported and congruent phylogenetic results reported here (especially with respect to most of the deepest relationships), and on the increasing need to communicate concisely and unambiguously about Viburnum phylogeny in connection with a wide variety of evolutionary and ecological analyses, we take this opportunity to provide a new phylogenetic classifi cation (cf. Cantino et al., 2007 ) . Such a classifi cation is appropriate now, as our sampling has improved greatly (113 of an estimated 164 species), and we are confi dent that all remaining species can be placed into the clades identifi ed here, which insures stability with respect to clade membership. It should also be evident from the sometimes cumbersome discussion above that names are unavailable for a number of major clades that we already need to discuss. Figure 3 and Table 2 summarize our new classifi cation system, highlighting 30 clades that are now provided with formal phylogenetic defi nitions. The two species in Fig. 3 , V. clemensiae and V. amplifi catum , are not given phylogenetic defi nitions as they are single species rather than clades. Additionally, the monophyly of Lobata and of V. lutescens and its relatives remains too uncertain to warrant naming at this time. The 13 names shown in black are those that have long been recognized under the International Code of Nomenclature for Algae, Fungi, and Plants (ICN). Here we convert these ICN names from preexisting rank-based names to phylogenetic names by providing formal phylogenetic defi nitions ( Table 2 ) . Hara (1983) summarized chloroplast and nuclear ribosomal phylogenies that supports the hypothesized hybrid origin of V. prunifolium Donoghue, 2004 , 2005 We recover confi dent support for the sister group relationship between Imbricotinus (sensu Winkworth and Donoghue, 2005 ) and the clade including Urceolata , Lutescentia , and Solenotinus . In agreement with the 22-species tree, V. amplifi catum is sister to the large clade including Lutescentia and Solenotinus . However, we note that the gene tree based only on trnStrnG places V. amplifi catum as sister to all of Viburnum aside from V. clemensiae , suggesting a much deeper divergence for this poorly known species.
Within Solenotinus , V. grandifl orum retains its position as sister to the rest, and we note a strongly supported clade including V. sieboldii + ( V. odoratissimum Ker Gawl. + V. awabuki K. Koch). Among the individual gene phylogenies, rbcL is alone in directly uniting the morphologically similar V. grandifl orum and V. foetens Decne. and placing them as sister to the remainder of Solenotinus . Gene trees of trnC-ycf6 , trnK , and trnS-trnG confl ict with this and are responsible for placing V. grandifl orum alone as sister to all other Solenotinus . Viburnum grandifl orum and V. foetens are diploids (2 n = 16), while all other Solenotinus species studied (except V. farreri Stearn, also a diploid) are tetraploids (with 32 chromosomes) on what we now infer to be the evolutionarily derived base number of x = 8 in Solenotinus ( Egolf, 1962 ) .
The combined analysis also recovers the Tinus clade as sister to the rest of Imbricotinus . Within Tinus , we note a deep split between the European V. tinus L. plus V. rigidum Vent. and the remainder of the species, which are Asian. The Opulus clade appears in Fig. 2 as sister to the clade including Sambucina , Coriacea , Lobata , and Succodontotinus , a result most strongly supported (ML bootstrap = 99%, posterior probability [pp] = 1) in the 10-gene analysis (online Appendix S4) as compared with the combined analysis (ML bootstrap = 82%, pp = 1; Fig. 2 ). Within Opulus , V. edule Raf. and V. koreanum Nakai are sister to the V. opulus clade, which is marked by infl orescences with sterile marginal fl owers.
Within Porphyrodontotinus , we fi nd a deep split between the Mollodontotinus and Oreinodontotinus clades. Viburnum dentatum and V. recognitum Fernald appear as sister to the Latin American species, but this is weakly supported, and it remains possible that V. dentatum and its several segregates are nested within the Latin American clade. Within the Latin American clade, it is noteworthy that the South American species appear to form a clade (ML bootstrap = 94%, pp = 1 in the 10-gene analysis [Appendix S4]; ML bootstrap = 83%, pp = 1 in the combined data [ Fig. 2 ]) . Fig. 2 . Bayesian majority-rule consensus tree of 113 species of Viburnum . Data generated from the whole plastid sequencing were combined with data from 10 gene regions previously sampled for Viburnum Chatelet et al., 2013 ) . Informal clade names used by Winkworth and Donoghue (2005) and Donoghue (2011 , 2012 ) are indicated to the right or along a branch leading to an internal node in the phylogeny. Names in bold indicate species for which the plastid genome was sequenced. ML bootstrap values greater than 60% are indicated above or below the branches; thickened branches indicate posterior probabilities greater than 0.95. 1 V. plicatum belongs to the formally named clade, Tomentosa , which also includes V. hanceanum (not included here). ← named Viburnum . However, in view of the widespread use of the name Lantana for a clade within Verbenaceae, we abandon this name here and instead adopt the name Euviburnum for this clade. Euviburnum is ideal in this context because Oersted (1861) proposed this name in 1861 for a subgenus corresponding to this clade.
One of Winkworth and Donoghue's informal names-Imbricotinus -requires additional discussion. Here we have retained the name, but have changed the clade to which it refers. Winkworth and Donoghue (2005) intended to include the Tinus clade within Imbricotinus , but we have excluded Tinus here, and instead have applied the name Imbricotinus to a less inclusive clade. There are two reasons for this change. First, the name was originally intended to refer to the presence of imbricate bud scales, but we now appreciate that such scales are often not present in Tinus , which then technically have naked buds (see Character evolution below). Second, the clade formerly referred to as Imbricotinus is now marked by an unambiguous apomorphy-the presence of extrafl oral nectaries on the leaves-and we want to refl ect this in the name of the clade. We therefore propose the new name Nectarotinus for the former Imbricotinus clade (see below).
The nine names shown in orange are proposed here for the fi rst time and are necessary to refer in full to the deepest clades within Viburnum -those inferred with confi dence in the present the nomenclatural history for each of these names, and relevant authors and publication dates are cited in Table 2 . Winkworth and Donoghue (2005) introduced eight informal clade names, and Donoghue (2011 , 2012 ) added two more ( Lutescentia and Urceolata ) . Eight of these 10 are represented in green in Fig. 3 ; the name Erythrodontotinus from Winkworth and Donoghue (2005) is not defi ned here because there is now little support for this clade, and Lantana will be discussed later. These names were never validly published under the ICN and are therefore not considered to be converted names. They were also not given phylogenetic defi nitions. Because these were never formally published, in several cases, we are taking this opportunity to modify the form of the names, mainly to make them shorter and easier to pronounce by removing the "donto" portion from the name. Specifi cally, Succo donto tinus is now Succotinus , Mollo donto tinus is now Mollotinus , and Porphyro donto tinus is now Porphyrotinus . However, dropping the "donto" from Oreinodonto tinus would create a synonym with the legitimately published Oreinotinus . In this case, we have modified Oreino donto tinus to Oreinodentinus , which combines the prefi xes of the names of the two included clades. We note that Winkworth and Donoghue (2005) used the name Lantana to refer to the clade that had previously been named section Viburnum so as to avoid the confusion of having two clades Table 2 ). Named clades have been identifi ed on the phylogeny with colored dots indicating origin of proposed phylogenetic name as follows. Names and clades marked in black represent previously published names under the ICN that are here converted to phylogenetic names ( Table 2 ) . Those in green represent names proposed by Winkworth and Donoghue (2005) and Clement and Donoghue (2011) . Several of these names have been shortened by removing the "donto" portion of the name (e.g., Mollodontotinus is now Mollotinus ). Additionally, Imbricotinus now refers to a clade that does not include Tinus , which differs from the membership of Imbricotinus indicated in Fig. 2 . Clade names in orange represent names new to the classifi cation of Viburnum . The number of species belonging to each terminal clade is given in parentheses. Species counts followed by question marks indicate clades that could, upon further taxonomic investigation, be reduced to a single species, therefore rendering the proposed name unnecessary. 1 V. amplifolium , V. colebrookeanum , V. garrettii , V. junghunii , V. laterale , and V. pyramidatum , in addition to V. lutescens , are members of Lutescentia . It is possible that some of these species are more closely related to Tomentosa (which includes V. plicatum and V. hanceanum ) than to V. lutescens . 2 V. acerifolium , V. kansuense , and V. orientale have been placed in the informally named clade Lobata (e.g., Winkworth and Donoghue, 2005 ) ; however, these do not form a clade in Fig. 2 , and Lobata is not provided with a phylogenetic defi nition in Table 2 . Table 2 shows the indented classifi cation corresponding to the tree in Fig. 3 and also provides the author(s) of each name and the names of the specifi ers (and their authors and publication dates) for their phylogenetic defi nitions. Two types of phylogenetic defi nition are used, both of which are intended to refer unambiguously to a specifi c node in the phylogeny (as opposed to the inclusion of stem lineages, or to clades stemming from the fi xation of an apomorphic character state). As all of the specifi ers are extant, all of the names refer to crown clades. Because most of the relationships under consideration here are now established with confi dence, we have mainly used simple "minimum-clade" names taking the form: "the smallest clade containing specifi er A and specifi er B." In most cases only two specifi ers are used, but in a few cases, where relationships are established with less certainty, three or four specifi ers have been used. For example, the defi nition of Regulaviburnum specifi es a member of each of the three major clades in the trichotomy in Fig. 3 ( Valvatotinus , Pseudotinus , and Pluriviburnum ).
analysis. We have continued to use the suffi xes -viburnum or -tinus . Where possible, the prefi xes used refer to an apomorphy of the clade in question. Thus, we use Nectarotinus for the clade marked by extrafl oral nectaries, Laminotinus for the clade marked by extrafl oral nectaries embedded in the leaf lamina, and Crenotinus for the clade marked by curving (crenate) leaf teeth. In an attempt to convey geographic information, we use Paleovaltinus for the Old World component of Valvatotinus. In two cases, we chose names that referred to an aspect of the diversity of the group: Regulaviburnum for the "standard" or "normal" viburnums, as compared with the highly unusual V. clemensiae , and Pluriviburnum for the largest clade within Regulaviburnum , which is especially diverse morphologically. In two other cases, we combine elements of the names of included taxa: Amplicrenotinus for the clade including V. amplifi catum and Crenotinus , and Corisuccotinus for the clade including Coriacea and Succotinus . Finally, Perplexitinus references our inability to identify a morphological character that marks this major, well-supported clade. ( Fig. 4A ) . As noted already, this interpretation is at odds with the use of the name Imbricotinus for the major clade including Tinus , and we have taken this opportunity to shift the application of this name to a less inclusive clade that does produce dehiscent scales. Finally, on the basis of our fi eld studies in Southeast Asia, we score V. punctatum as having naked buds. These new observations, placed in the context of our phylogeny, suggest the novel possibility that the fi rst viburnums had naked buds. The highly divergent V. clemensiae , with its two pairs of bud scales, as well as the presence of bud scales in Sambucus , complicates this interpretation for Viburnum as a whole, but the Regulaviburnum clade could have originated with naked buds, in which case there were at least three shifts to scaly buds within it ( Fig. 4A ) . It is likely that one pair of bud scales was ancestral within Lutescentia , with increases to two (and as many as four) pairs of scales in several species of Solenotinus in the Himalayan region (e.g., V. grandifl orum ). The directionality is less clear in the Imbricotinus clade; however, if having one pair of scales in Sambucina , Coriacea , and possibly Oreinotinus is ancestral, then there were several shifts to two or more pairs of bud scales (e.g., 3-4 in V. ellipticum Hook.). The Opulus clade is noteworthy for the fusion of the outer bud scales into a thickened cap-like structure. Schmerler et al. (2012) documented two major leaf syndromes within Viburnum : elliptical, evergreen leaves with entire margins in lowland tropical and montane cloud forests and rounder, deciduous leaves with toothed margins in temperate and boreal forests. Although highly significant phylogenetic correlations among these traits were evident in their data set, the directionality of evolution was uncertain. Our analyses yield a clearer picture. It now appears that entire leaves may have been ancestral in Viburnum and that there were at least fi ve (or possibly seven) independent originations of toothed margins ( Fig. 4B ) , often corresponding closely with a shift into temperate or boreal forests. We note, however, that while MP favors the retention of entire leaves along the backbone of the tree ( Fig. 4 ) , ML with molecular branch lengths is equivocal (ca. 0.5 proportional likelihoods) along the backbone when all polymorphic tips are coded as entire and slightly favors toothed leaves when all polymorphic tips are coded as toothed.
(B) Leaf margins-
This interpretation is concordant with consistent differences among the toothed clades in the form of the teeth themselves. For example, the fi ne serrations that originated within the Lentago clade ( Fig. 4B , V. lentago ) differ from the coarse dentations characteristic of Porphyrotinus species ( Fig. 4B , V. dentatum ) . Also, although the difference is subtle, the teeth in Crenotinus ( Fig. 4B , V. plicatum ) are distinctly curved on the proximal edge as compared with the more symmetrical teeth in Porphyrotinus , and in Pseudotinus the margins are typically doubly serrate ( Fig. 4B , V. lantanoides ) .
We note that resolution of the equivocal condition at the base of Laminotinus (near Sambucina and Coriacea ) depends on the fi nal disposition of the Opulus clade. Based on the great overall similarity of the leaves in Sambucina and Coriacea to tropical species scattered elsewhere in the tree, we suspect that these In other cases, we used "maximum-crown-clade" defi nitions taking the form: "the largest crown clade containing specifi er A, but not specifi er C." For simplicity and consistency, we formulated reciprocal maximum crown-clade defi nitions for Valvatotinus , Pseudotinus , and Pluriviburnum , variously using V. lentago L., V. lantanoides , and V. triphyllum as internal and external specifi ers. In other cases, we used maximum crownclade defi nitions to cope with phylogenetic uncertainty. For example, our defi nition of Euviburnum copes with uncertainty about exactly which species will eventually straddle the basal split within this clade (e.g., V. macrocephalum Fortune, as shown in Fig. 2 , or one or more of several species, e.g., V. utile Hemsl., that are situated outside of the well-supported core clade). In the special case of Amplicrenotinus , we used a maximum-crown-clade defi nition owing to an alternative placement of V. amplifi catum in one of the gene trees (see above; should Amplicrenotinus become synonymous with Crenotinus , we prefer to retain Crenotinus ). In general, we intend for our new names to be abandoned should the specifi ed clade turn out not to exist. We note that we have not followed every rule for the establishment of clade names under the PhyloCode (http:// www.phylocode.org); for instance, our names will need to be registered electronically when the PhyloCode formally takes effect.
Character evolution - Figure 4 shows parsimonious ancestral state reconstructions for each of the eight morphological characters noted, along with illustrations of their states. In most cases, these characters are invariant within the major named clades at the tips of the tree; multiple colors are used in cases of minor variation within a terminal and do not represent polymorphism within a species except as noted below. ML inferences (data not shown) are generally consistent with the MP results when branch lengths are treated as equal (set to 1) and when we consider alternative resolutions of polytomies and alternative scorings for the polymorphic tips in Fig. 4 . Specifi cally, there is generally strong support with ML (proportional likelihood > 0.95) for the state assigned by MP, and ML never positively favors (proportional likelihood > 0.50) an alternative state assignment. In some cases where parsimony is equivocal in Fig. 4 , ML results provide marginally better support for one of the alternative assignments. Examples of this will be detailed in what follows, in addition to minor differences in MP vs. ML reconstructions in a few cases. We wish to highlight that the use of our new phylogenetic nomenclature greatly expedites the following discussion.
(A) Bud form-Viburnum has long been noted for the presence of naked buds in some species (e.g., V. lantanoides in eastern North America; widely cultivated Asian species, such as V. rhytidophyllum and V. carlesii Hemsl.). In plants with naked buds, the outer pair of organs in the bud expand into fully developed leaves, in contrast with most viburnums in which there are differentiated bud scales that dehisce when the shoot expands ( Cross, 1937 ( Cross, , 1938 . Based on this fundamental distinction, the "naked" condition is somewhat more widespread than once imagined and includes species in which the organs forming the outer envelope are not especially leaf-like in bud. For example, within the Lentago clade, V. nudum and V. cassinoides produce buds in which what appear to be the bud scales instead generally expand into normal vegetative leaves. In contrast, the related V. lentago produces bud scales that typically fall off as the shoot expands, though in this case various degrees of evolved within Sambucus ( Eriksson and Donoghue, 1997 ; Moore and Donoghue, 2009 ).
(D) Ruminate endosperm-Our expanded taxon sampling confi rms the presence of ruminate endosperm of several types in Viburnum , the only clade within Adoxaceae that is known to have ruminate endosperm ( Jacobs et al., 2010 ) . What Jacobs et al. (2008) described as type 1 rumination refl ects only the grooving of the endocarp and is not considered here. Of the species in which the wall of the seed coat is thickened and invaginated, V. clemensiae is characterized by many deep parallel invaginations, leaving very little and highly dissected endosperm ( Fig. 5F ; type 2A rumination of Jacobs et al., 2008 ) . The remainder of the species with ruminate endosperm were placed by Jacobs et al. (2008) into two categories-type 2B in which the seed coat is formed by one layer of cells and the invaginations are narrow and relatively deep, and type 3 in which the seed coat is locally proliferated into thickened areas that form broader and more shallow invaginations.
In our sampling, we have encountered numerous intermediate conditions, to the point that we now see limited value in this distinction. We here score all species of the Pseudotinus and Tinus clades as having ruminate endosperm of varying thickness and depth ( Fig. 4D ). This condition clearly evolved separately in these two clades, providing an apomorphy for both. Tinus species tend to show more pronounced development of deep invaginations. In Solenotinus species, we have found variable expression of rumination but, where this does occur, localized regions of cell wall thickening rarely penetrate deeply into the endosperm. In comparing ML and MP reconstructions, if V. erubescens is scored as lacking ruminate endosperm, ML slightly favors (proportional likelihood 0.79) scoring the Solenotinus clade as lacking rumination. It is noteworthy that rumination tends to have evolved in fruits that are rounded in shape, with large internal volume. However, we note that the very large fl attened seeds we have examined of V. punctatum have thickened and broadly invaginated seed coat walls, whereas those of the closely related V. lepidotulum lack rumination. Weber et al. (2012) documented the presence of extrafl oral nectaries (EFNs) of several types in Viburnum ( Fig. 4E ) and hypothesized a single origin of this trait within the clade, and a connection between EFNs and the production of mite-containing domatia. Our expanded sampling and the phylogenetic analyses reported here strongly support this conclusion, and, contrary to the expectation of some authors (e.g., Losos, 2011 ) , provides a clear-cut example of a "functional" trait that shows no homoplasy and provides a clear-cut apomorphy for an old and species-rich clade within Viburnum . Furthermore, our analyses confi rm the evolutionary sequence of events proposed by Weber et al. (2012) , with EFNs probably fi rst evolving at the base of the Nectarotinus clade through the modifi cation of marginal leaf teeth near the base of the leaf blade.
(E) Extrafl oral nectaries-
EFNs appear to have moved from that original position toward, and then onto, the petiole where they are visited by ants in the boreal Opulus clade. The migration of EFNs onto the petiole occurred independently in the South American V. toronis Killip & A.C. Sm., nested deeply within the Oreinotinus clade. In the newly named Laminotinus clade, the EFNs are embedded in the leaf lamina, inward of the leaf margin. Finally, have retained their entire margins. However, we also note that teeth appear to have been almost completely lost several times independently within Succotinus [e.g., V. japonicum (Thumb.) C.K. Spreng, V. sempervirens K. Koch] apparently associated with shifts from colder temperate forests into warmer temperate or subtropical forests. This same transition from dentate to entire margins took place independently as Oreinotinus radiated into the cloud forests of Latin America.
(C) Infl orescence form-Viburnum infl orescences are umbellike in ~140 species and panicle-like in ~24 species ( Fig. 4C ) . The panicle form characterizes the Solenotinus clade (formerly section Thyrsosma in reference to the infl orescence). The panicle has generally been viewed as ancestral within Viburnum (e.g., Hara, 1983 ) , with the umbel form derived by condensation of the internodes between opposite, decussate branches along the main axis, bringing the rays together at the apex of the stalk (highly reduced in some species, described as having sessile infl orescences).
When Kern described V. clemensiae in 1951, he placed it in Solenotinus based on its panicle-like infl orescence, one of the few reproductive features evident on the several specimens collected by that time (the fl owers of V. clemensiae have only recently been described; Puff et al., 1997 ) . Our analyses confi rm previous phylogenetic studies showing that the panicle-like infl orescence of Solenotinus was derived from an umbel-like ancestral condition, suggesting instead an evolutionary elongation of the central axis of the infl orescence. The panicle-like infl orescence in V. clemensiae ( Fig. 5A, C ) was clearly derived independently of that in Solenotinus , which accords well with evident structural and developmental differences between the infl orescences in these groups. In Solenotinus species the infl orescence is subtended by one or several pairs of leaves and is distinctly stalked, the primary branches are often distinctly opposite and decussate in arrangement and persist through fruit development and dispersal ( Fig. 4C ) . In contrast, in V. clemensiae , in both staminate and carpellate individuals, the terminal central axis of the infl orescence is subtended by two pairs of bud scales, and the two lateral branches emerge in the axils of these scales ( Fig.  5C ). The side-branches on these axes are generally alternate and spirally arranged, and they typically disarticulate; i.e., lateral branches of the infl orescence abscise, leaving behind only the few axes bearing fruits in the carpellate infl orescences ( Fig. 5B ) .
We have also observed paniculate infl orescences in some V. lutescens individuals and presume that these also occur, at least irregularly, in closely related species (e.g., V. colebrookeanum Wall. ex DC, V. pyramidatum Rehder). Indeed, both umbel-like and panicle-like infl orescences are sometimes produced by an individual V. lutescens plant (i.e., they are polymorphic within plants), though it is not yet clear how regularly this occurs or precisely how the different types are positioned on the plant. In any case, it is noteworthy that the capacity to produce paniculate infl orescences exists, and even varies within individual plants, and that this is observed in species that are closely related to the Solenotinus clade in which the paniculate condition has become completely fi xed.
Finally, we note that infl orescence form also varies within the sister group of Viburnum , the Adoxoideae, and that Sambucus , like Viburnum , has both umbellate and paniculate forms ( Donoghue et al., 2003 ) . Here too, phylogenetic studies imply that the umbel form is ancestral and that the paniculate form we have discovered a novel condition in V. platyphyllum Merr. of the Philippines, in which large, possibly ant-tended EFNs are sometimes situated close to the upper (adaxial) midvein near the juncture with the petiole.
(F) Glandular trichomes-In addition to producing a wide variety of simple and stellate hairs, and in some cases densely pubescent stems, leaves, and buds (e.g., especially in the Asian Euviburnum clade, and parts of the Latin American Oreinotinus ), minute glandular trichomes, generally reddish in color, have been noted in taxonomic accounts on the surfaces of the leaves, stems, infl orescences, and fl owers. These glands have been cited as species-level characters (e.g., V. punctatum ) and as distinguishing between subspecifi c taxa (e.g., V. leiocarpum var. punctatum P.S. Hsu). Although these glands presumably play a signifi cant role in defense against herbivores, little attention has been paid to their function, form, or distribution.
Our SEM and light microscopic surveys demonstrate that these glands vary consistently in form and that, despite some homoplasy, tend to be conserved within major clades. We recognize three basic states ( Fig. 4F ) . The most common form is short-stalked and upright, and with a capitate head of generally 2-4 cells. Fewer species produce larger, more elaborate peltate scales, in which the scale is often multicellular with more than four cells radiating from the central stalk. Finally, we especially note the presence of elongate glands lying parallel to the leaf surface, and closely appressed to it ( Fig. 4F , " elongate"). These have a basal stalk portion with several segments and a head segment with 2-4 cells. This type of gland was described by Puff et al. (1997) in V. clemensiae . Although we at fi rst considered this gland type to be unique to V. clemensiae , our SEM studies have revealed the presence of similar elongate glands in the Pseudotinus , Tinus , and Urceolata clades, as well as in V. amplifi catum and some members of the Lutescentia clade.
The scattered distribution of elongate glands in members of several early-branching lineages suggests that this state may be ancestral for Viburnum ( Fig. 4F ) , a possibility strengthened by our fi nding that similar glands are found in Sambucus (not shown). ML inferences using a tree with molecular branch lengths are consistent with MP except that when glands are assigned the presumably more ancestral state for the three polymorphic tips, the support for elongate and capitate glands is nearly equal at the Nectarotinus node. When polymorphic tips are scored with the derived state, capitate glands become slightly more likely for Nectarotinus , and elongate and capitate glands become almost equally likely for Amplicrenotinus . In any case, if elongate glands are a retained ancestral state, the other types may have been derived by shortening, becoming erect, and variously elaborating the head portion of the gland. These fi ndings set the stage for more detailed anatomical studies and analyses of the chemical composition of the glands and their ecological role. new genomic approaches, especially sampling of the nuclear genome.
Over the past decade, we have progressively refi ned our understanding of Viburnum phylogeny to the point that a formal phylogenetic classifi cation is now possible. Moreover, the increased precision provided by such a system is necessary as we expand the use of Viburnum in addressing general evolutionary and ecological questions. Here we have provided phylogenetic defi nitions for 30 clades that have previously been named-either formally under the ICN or informally-and we add nine new names to better communicate the deepest relationships within the tree. Our study provides an example both of the relative ease of providing a formal phylogenetic classifi cation and, as exemplifi ed by our discussion of character evolution, of the great practical utility of the increased precision provided by such a system. Clarifi cation of relationships at the base of Viburnum allows us to analyze the evolution of characters that vary at that level, including four that have been used previously in keys to the major groups and four that have been highlighted in our own recent studies. Although these show varying levels of homoplasy, they nevertheless collectively provide us with morphological evidence for the existence of major clades and a solid basis for distinguishing among the deep lineages. For example, our studies reveal many differences between V. clemensiae and Regulaviburnum , with V. clemensiae probably exhibiting the derived state in its infl orescence architecture and endosperm rumination. Likewise, it is now apparent that the otherwise heterogeneous Valvatotinus clade is marked by I-1 palisade, scabrate exine, and possibly peltate glands. Nectarotinus is supported by extrafl oral nectaries, and the newly circumscribed Imbricotinus is marked by the evolution of bud scales and possibly capitate glands. The newly named Crenotinus clade is marked by the evolution of curved leaf teeth, bud scales, H-2 palisade, and possibly capitate glands. Several clades that have long been formally recognized at the section level are also marked by derived states of the characters considered here (e.g., Pseudotinus by doubly serrate leaf margins and ruminate endosperm; Tinus by ruminate endosperm and I-1/I-2 palisade; Solenotinus by paniculate infl orescences). At the same time, we are surprised that few, if any, derived morphological characters distinguish some of the deepest clades within Viburnum , including the newly named Regulaviburnum and Perplexitinus clades. To further test the existence of these deep clades, we have embarked on a study of multiple nuclear gene regions. At the same time, our development of a comprehensive morphological data matrix will aid in the demarcation of these clades and allow us to explore in detail the relationship between rates of molecular and morphological evolution. (G) Palisade anatomy- Chatelet et al. (2013) described and analyzed the function of four palisade types in Viburnum ( Fig. 4G ) . Multiple evolutionary shifts among these types helped to identify signifi cant physiological correlates. Here we emphasize that these leaf anatomical states mark several major clades. Viburnum clemensiae and members of the Valvatotinus clade produce one layer of I-shaped palisade cells (I-1, Fig. 5E ). We know of only one exception in Valvatotinus , namely V. rufi dulum Raf. within Lentago , which has two layers of H-cells (H-2, Fig.  5E ) in the individuals that we have studied. I-shaped palisade cells evolved independently in the Tinus clade, within which a second layer of I-cells (I-2) was added in the core clade including V. propinquum Hemsl., V. davidii Franch., and V. cinnamomifolium Rehder, all of which have thicker leaves. The Asian Crenotinus clade is characterized by the production of two layers of H-cells (H-2), as is the entire Oreinotinus clade in Latin America. Some members of Sambucina and Succotinus also exhibit the H-2 condition, and in general, this is associated with thicker, often evergreen leaves and higher photosynthetic capacity . The H-1 state may be ancestral and retained in many lineages, which is consistent with the presence of H-cells in Sambucus , but we cannot entirely rule out that the I-1 condition is ancestral. However, under all scorings of polymorphic tips, ML slightly but consistently favors the H1 palisade type over other states along the backbone of Regulaviburnum.
(H) Pollen exine- Donoghue (1985) documented pollen exine diversity within Viburnum (also see Bohnke-Gutlein and Weberling, 1981 ) . All are tricolpate with a semitectate, reticulate exine. In most species the muri (ridges) of the reticulum are psilate (smooth) on top (type 1A of Donoghue, 1985 ) , while in others the muri are scabrate (bumpy; Fig. 4H ). Donoghue (1985) distinguished between type 1B with a continuous reticulum and 1C with an irregular, discontinuous reticulum. These two conditions are lumped in Fig. 4H , where it is apparent that bumpy muri are characteristic of all species in Valvatotinus , providing additional morphological support for this clade. We note that type 1C is characteristic of the Lentago clade within Valvatotinus . Within Pseudotinus , V. nervosum D. Don exine is highly unusual. The reticulum appears to be broken into a series of large bumps, which do not themselves appear to be scabrate. This condition is scored as bumpy, but is likely to be an independently derived state, even if Pseudotinus turned out to be directly linked to Valvatotinus . Finally, we note that V. clemensiae ( Figs. 4H, 5G ) has prominent continuous and smooth reticulum (type 1A) and that smooth muri characterize Sambucus as well.
Conclusions -Paired-end Illumina sequencing of the plastid genomes of 22 species has provided us for the fi rst time with confi dent resolution of almost all of the deepest branching events within Viburnum . These relationships, and many more within the major clades, are supported in a combined analysis of 113 species. Two major phylogenetic problems remain, namely the exact positions of the Pseudotinus and Opulus clades. In addition, moving toward the tips of the tree, we remain uncertain about relationships in the vicinity of V. lutescens , about the existence of the Lobata clade, and about species-level relationships within several complexes, especially within the Asian Succotinus and Solenotinus clades and the Latin American Oreinotinus radiation. The resolution of these remaining phylogenetic problems requires 
